Climate changes appear to be altering rainfall patterns. Rainfall intensities which were once accepted for the design of hydraulic structures may no longer be appropriate. With our knowledge about climate change we can no longer use rainfall records as a simple statistical data base. Data trends should be considered. In some areas rainfall depths may be decreasing while in other areas they may be increasing.
Introduction
Estimation of extreme rainfall depths and intensities is a central task in water resources engineering. This estimation is usually based on intensity-durationfrequency relationships (IDF) that may be expressed in a parametric form or derived from stochastic modelling.
Although these relationships are usually simple and the estimation methods are commonly well assessed, some concern is recently arisen about the effects of the possible climate change on the probabilistic reliability of extreme rainfall estimations. Numerous studies in literature highlight effects of climate change scenarios on the rainfall regimes (see e.g. [1, 2] ), suggesting that rainfall estimation by traditional approaches, based on the assumption of stationarity and ergodicity of the rainfall record series, could be significantly affected by systematic errors.
It has to be highlighted, however, that climate change affects rainfall not only in terms of annual depths, but also in seasonal distribution, number of rainy days and storm patterns. This means that trends that are significant on some rainfall measure, may be not so for others [3] .
Scope of this study is to analyse climate change effects on design rainfalls, that is on extreme rainfall intensities of assigned duration and frequency.
Rainfall databases
Milano Municipality raingauge network consists in 25 devices placed in 16 stations over the city area and in two towns in the surroundings, plus one installed at the Astronomical Observatory of Brera (still in Milano).
The first of those devices was installed in 1895 on the City Hall; then the large part of the network was implemented in the early twentieth century.
During the seventies, the original Richard tipping bucket raingauges were replaced by SIAP. Finally, since 1999, SIAP digital recording raingauges (with real time data transmission to their control center) are progressively replacing or backing up the previous mechanical devices.
The Milano raingauge network features are definitively quite remarkable, in terms of spatial and temporal extension, devices reliability, data set and resolution. In particular there is a general consensus [4, 5] over the significance of Via Monviso raingauge station as the most interesting and significant in Milano, because of its central position in the network and because in 1970 it was one of the first equipped with a SIAP tipping bucket device with mechanical recording and, later, in 2001 it was one of the first equipped with a SIAP tipping bucket device with digital recording. The data base of the rainfall recordings in the years 1971-2012 is used in this paper for analysis. Although earlier data are available, as the two instruments have not been working together, their coherency was not checked and proved, and the two recorded series may be inconsistent.
Moreover, for comparison four locations in Maryland, United States of America (USA), were included. Although there is extensive rainfall data which covers the USA, the focus of this study is the Italian rainfall and the USA data was included for comparison and to demonstrate global implications.
The National Climatic Data Centre (NCDC) complies and publishes on the World Wide Web, rainfall records for a network of over 3600 reporting station located primarily in the United States. Data is collected from a variety of sources including National Weather Service reporting stations, volunteer cooperative observers, Federal Aviation Administration (FAA), utility companies, etc. This paper uses the NCDC 15 Minute Precipitation Data; time-sequenced quarterhour precipitation amounts.
The Maryland rainfall database uses data from Fischer-Porter gages between May 1971 and December 1983. The NCDC checked and edited as necessary precipitation values by both automated and manual methods. NCDC data processing procedures were updated in January 1984 to produce the element structured data base files and further enhanced beginning with the January 1996 data month. Currently, interactive quality control procedures are in place that has added many checks and features and data are subjected to automated editing procedures that reduce the manual handling of the data.
Trend of the intensities
Influence of climate change on rainfall has been analysed in numerous studies reported in literature (see e.g. [1, [6] [7] [8] ). Although in many of cases significant trends in some characteristics of the rainfall stochastic process have been highlighted, there is not yet a common agreement on the real nature of these trends. The main concern is the relative short length of series of rainfall records, especially when durations longer than one day are considered.
Moreover, in the temperate areas the changes usually observed are in the number of rainy days and on the mean daily rainfall depth, while results on the analysis of rainfall intensities are less clear, generally showing a strong dependence on duration (see e.g. [2, 3] ). Other authors [9] clearly state in the series they analyzed no trends can be observed.
Therefore, in this study the concern was to analyse the records of rainfall intensities on a wide range of durations in order, first, to test them for statistically significant trends and, second, to quantify the effects on design rainfalls, that is on IDF curves.
From five series of records the annual maxima of rainfall depths have been extracted for 20 durations, ranging from 5 to 1440 minutes (24 hours). For all durations a least square linear function of the rainfall depths Vs time was fitted, with the results shown in table 1. In figure 1 data for 20 and 1440 minutes are also shown.
As can be seen from table 1, in some cases the observed trends are positive, in others negative. In all cases, trends of the annual maxima seem evident, although data are very scattered. However, the sign of these trends are not the same for all the stations and all the durations. For Millers4 station a positive trend is observed, with increasing gradient, while for Aberdeen and Beltsville the trend is negative for durations until 720 minutes (12 hours) and positive for the longer durations. The opposite happens for Milano station, with positive gradients for durations up to 720 minutes and negative for longer ones. An analogous behaviour is observed for Unionville, with breakpoint at 90 minutes.
In the case of Milano and, partially, of Unionville, the positive trend for shorter duration and the practical invariance for larger durations seems in agreement with the common idea that climate change increases the frequency of extreme events, of shorter duration and higher mean rainfall intensities, while the average values remain constant. However, results are not homogeneous and a clear statement cannot be made.
Data recorded in the USA (and their interpretation) are more complicated because of the presence of the seasonal El Niño and La Niña. These phenomena are usually considered climatic anomalies, not climate changes. So they can interfere with any estimation of the rainfall regime evolution related to climate changes properly said for large part of the world including North America coastal areas [10] [11] [12] [13] . Nonetheless, there are other extended regions in the world, including Europe, Mediterranean Sea and central part of Asia, where El Niño and La Niña effects are negligible, and therefore the analysis of climate changes in those regions in not supposed to need to keep them into account.
The years when El Niño and La Niña were stronger are reported in table 2, while in table 3 the gradient of the trend lines for the USA stations not accounting the years of the seasonal instabilities are shown. As can be seen, the removal of these data does not clarify the trends, which values change but without giving a definite answer.
As mentioned, Italian data, and in particular the Milano rainfall regime, are not affected by El Niño and La Niña, and therefore the performed analysis does not need to be corrected. Rainfall depths for 41 years historical series at Milano's raingauge: 20 minutes (above) and 1440 minutes (below) durations. In any case, it can be observed that trend gradients are not so high, except for Milano, especially if compared to averages of rainfall depth maxima. In figure 2 the ratio of gradient of linear regression line and average (maxima rainfall depths for Milano station is shown for the different durations. To better investigate the nature of the observed trends for the station of Milano, some statistical tests were performed to verify their significance. To verify the existence of a monotonic trend in the series of annual maxima of rainfall depths the Kendall Tau test was performed for all the 20 durations. This non-parametric test is based on the statistic:
where p is the number of times in a series of N records x i in which results (x i <x j ; i=1,2,…N; j=i+1,i+2,…,N) . For a random sequence it can be shown that [14] :
Therefore, if R τ is within the limits ±1.96, the null hypothesis of no trend in the series cannot be rejected at the 5% level of significance. As can be seen in 
Intensity-duration curves
However, trends have to be investigated also in making design curves, as it is clear that if the rainfalls change during the years, and therefore the recorded intensities, the series cannot form a single data base to be used to compute the intensity-duration curves, but the trends should be considered and included in the evaluations of the design curves.
A possible approach to this problem is to limit the IDF calibration to recent records only, in order to give more "weight" to possible on-going climate trends. Anyway, it is clear that the shorter length of the record series considered in the calibration significantly reduces the reliability of estimates.
An alternative is to de-trend the record series for IDF calibration and then to consider a time-varying function for the rainfall intensity mean values. This can be done if the trend is statistically significant and not due to small scale periodic fluctuation around the mean.
First evaluations were performed on the Italian data base and the curves were in the form:
where i is the expected intensity for the duration , while A, B and C are the computed parameters for the intensity-duration curve, function of the return period T. These first evaluations consisted in computing the mentioned curves dividing the entire data base in decades: therefore using the available data for the first ten years (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) to carry out a curve, then the second ten years (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , and the third (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and fourth (2001-1010) ten year series.
Quite unexpectedly, at least for the authors, the trend which has been clearly identified and reported above, is not echoed in the curves. In fact, for instance, the curves carried out using the first ten years (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) are below those carried out using the last ten years (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) series.
This result is to be ascribed to the effects of the intensities for longer durations and, therefore, in the paper we decided to use of the "old" binomal curves, in the form:
where again ⁄ is the expected intensity for the duration , while a and n are the computed parameters for the intensity-duration curve, function of the return period T. This two-parameter curve cannot be used for the whole range of durations, from small to large, and normally two couples of parameter were used: the former for smaller durations (up to one hour or less) and the latter for larger durations.
The values of the parameter a of the equation (6) has been estimated using a "mobile" data base of ten years, starting from the period (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) and going on with (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) and continuing until (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The carried out values are plotted in figure 3 .
It is interesting that the two data sets converge after an hour, that explaining the contradictory results that have been carried out using the three-parameters curve. Parameters a for the IDF curves computed for short durations, with mobile average upon 10 years (T=2 yrs, n=0.491).
There appears to be more variation between the data sets between the shorter duration storms than the longer duration storms. This might suppress any normally apparent patterns or trends. However it would still appear that there might be trend for more high intensity thunder storms, which may be associated with longer term climatic changes in the global temperature.
Finally, analysis using the Gumbel probabilistic chart have been performed: on the entire set of data (figure 4), on the last 25 years (i.e. in the period 1988-2012) and on the entire set of data except the year 1987, when a very intense event occurred (the latter two charts are not reported because of the limited space). The event in 1987 is still unsurpassed in intensity, and was much higher than the second highest recorded event. As can be seen in the mentioned figure (other charts are very similar) only the highest values do not fit the probabilistic law; in this case, the Pearson test has not passed, but for a small amount (the computed value is equal to 39.00 37.65 using 28 classes). 
Conclusions
A proper estimation of extreme rainfall depths and intensities is a central task in water resources engineering and used for designing hydraulic structures. Although the usual relationships are quite simple and the estimation methods are well assessed, some concern is recently arisen about the effects of the possible climate change on the probabilistic reliability of extreme rainfall estimations. In fact, if the rainfalls change during the years, and therefore the recorded intensities, the series cannot form a single data base to be used to compute the intensity-duration curves, but the trends should be considered and included in the evaluations of the design curves.
In the present paper, the climate change effects on design rainfalls have been analysed, using historical rainfall data series recorded in Italy and in the USA.
Analysis has been carried out using simple trend lines over the maxima intensities, producing IDF curves (also using sub sets and dividing the series in decades) and applying Kendall Tau tests for trend and verifying the adoptability of the Gumbel distribution with the Pearson test.
As other authors showed (e.g. [9] ), no trends can be claimed. Obviously, this does not imply the effects of the climate change does not exist, as they can be observed in the temperature changes and in other well-known phenomena associated with it. That simply means that, at the moment, the recorded rainfalls changes cannot be quantified. As the rainfall changes are not quantified, it is still acceptable to use the commonly adopted methods to estimate the design rainfalls.
Further research is needed to assess the trends in other regions and as time progresses. As more data becomes available changes due to the climate variations should be evaluated further.
